The taxonomic position of strain T , isolated from litter of a bamboo (Sasa borealis) forest, was determined using a polyphasic approach. The organism had phenotypic and morphological properties consistent with it being a member of the genus Streptomyces. 
At the time of writing the genus Streptomyces comprises 630 species with validly published names (Euzeby, 2013) . They are characterized by cell wall chemotype I (Lechevalier & Lechevalier, 1970) and DNA with high G+C content (60-70 mol%). Researchers have a great interest in members of this genus due to potential applications in the production of antibiotics, vitamins, antimicrobial compounds and enzymes of importance to the industrial as well as to the agriculture sectors (McCarthy & Williams, 1992; Lazzarini et al., 2000) .
We have isolated and deposited many actinobacterial strains isolated from various bamboo forest soils, in South Korea, and published data on two novel species (Lee et al., , 2013 . Comparative 16S rRNA gene sequence analysis revealed that the isolates are phylogenetically related to the genus Streptomyces. The objective of the present study was to determine the taxonomic position of one of the isolates using a polyphasic approach. Strain T was isolated from litter taken from a bamboo forest in Damyang, Chonnam, South Korea. On the basis of its phylogenetic and phenotypic characteristics, we propose that the strain represents a novel species of the genus Streptomyces.
Strain JL-22
T was isolated by using the dilution-plating method on starch casein agar (Küster & Williams, 1964) , adjusted to pH 5.5 with HCl, and incubated at 28 u C for 7 days. Bacterial cultures of the isolated strain were stored at 286 u C in the presence of 20 % (v/v) glycerol.
Morphological observations of spores and mycelia were conducted by scanning electron microscopy (Nikon Instruments) of inorganic salts-starch agar (ISP 4 medium) cultures incubated at 28 u C for 20 days. Gram staining was performed by the Hucker method (Murray et al., 1994) . Morphological, physiological and biochemical characteristics were determined, as described by Shirling & Gottlieb (1966) and Williams et al. (1989) . Growth at various temperatures, pH values and NaCl concentrations was determined, according to the methods of Lee et al. (2012) , using starch casein agar. Strain JL-22 T grown on ISP media (Table S1 ; available in the online Supplementary Material), showed a morphology that is typical of members of the genus Streptomyces. The colour of the substrate mycelium and aerial mass formed on all media were white. Diffusible pigments were produced only on oatmeal agar (ISP 3) and melanin was not produced on peptone-yeast extract-iron agar (ISP 6) and tyrosine agar (ISP 7). Strain JL-22
T produced a white aerial mycelium and substrate mycelium on inorganic salts-starch agar (ISP 4). Long chains of spores were straight, cylindrical, smoothsurfaced and non-motile (Fig. 1) . Growth occurred at 4-37 u C, and no growth was observed at 45 u C. The pH range for growth was pH 4-10. Strain JL-22 T exhibited good growth at NaCl concentrations of 0-5 % (w/v) and no growth was observed in the presence of 7 % NaCl. The phenotypic characteristics of strain T are summarized in the species description and compared with those of reference strains in Table 1 .
The GenBank/EMBL/DDBJ accession number for the 16S rRNA gene sequence of strain T is HQ267984.
Three supplementary figures and one supplementary table are available with the online version of this paper.
Genomic DNA was extracted from the isolate (Cui et al., 2001) and 16S rRNA gene sequencing of strain JL-22 T was performed, as described previously . Phylogenetic neighbours were identified, and pairwise 16S rRNA gene sequence similarities were calculated using the EzTaxon-e server (Kim et al., 2012) . The 16S rRNA gene sequence was aligned with published sequences of closely related bacteria with CLUSTAL W 2.1 software (Larkin et al., 2007) . Phylogenetic trees were reconstructed by the neighbour-joining (Saitou & Nei, 1987) , maximumlikelihood (Felsenstein, 1981) and maximum-parsimony (Fitch, 1971) algorithms within the MEGA5 program (Tamura et al., 2011) . Evolutionary distance matrices for the neighbour-joining method were calculated using the algorithm of the Kimura two-parameter model (Kimura, 1980) . To evaluate the stability of the phylogenetic tree, bootstrap analysis (with 1000 replications) was performed (Felsenstein, 1985) .
The 16S rRNA gene sequence (1418 nt) of strain JL-22 T was compared with corresponding sequences of type (Fig. 2) . The maximum-likelihood and maximum-parsimony methods resulted in highly similar tree topologies, with strain JL-22
T forming a distinct phylogenetic line with S. prunicolor NRRL B-12281 T and S. chartreusis NBRC 12753
T (Figs S1 and S2; only the neighbour-joining results are shown). Thus, DNA-DNA hybridization was conducted between strain JL-22 T and S. prunicolor NRRL B-12281 T and S. chartreusis NBRC 12753 T .
Cellular fatty acids were extracted from cells of strain JL-22 T grown in tryptic soy broth (Difco) for 5 days at 28 u C according to the protocol of the Microbial Identification System (Microbial ID; MIDI) and identified using the Microbial Identification software package (MIDI; database TSBA 40, version 4.5; Sasser, 1990) . For chemotaxonomic analysis, freeze-dried cells were obtained from cultures grown in starch casein broth on a shaking incubator (at 120 r.p.m.) and 28 u C for 14 days. Analysis of the diaminopimelic acid isomers and whole cell sugars were performed as described by Lechevalier & Lechevalier (1970) , Staneck & Roberts (1974) and Lechevalier (1980) . Polar lipids were extracted and detected using the method of Minnikin et al. (1984) . Menaquinones were extracted (Collins, 1985) and separated by HPLC (LC-10AD; Shimadzu). The G+C content of the genomic DNA was determined by HPLC (LC-10AD; Shimadzu) according to the methods of Mesbah et al. (1989) . Fatty acids present in strain JL-22 T at .10 % were iso-C 14 : 0 (23.47 %), iso-C 16 : 0 (19.08 %) and anteiso-C 15 : 0 (16.33 %) ( Table S2 ). The cell wall peptidoglycan contained LL-diaminopimelic acid, glutamic acid, alanine and glycine. Whole cell hydrolysates predominantly contained glucose, mannose, ribose and fucose. The polar lipid pattern consisted of phosphatidylserine, phosphatidylcholine, phosphatidylglycerol, phosphatidylethanolamine and three unknown phospholipids (Fig. S3) . The predominant menaquinones were MK-9 (H 6 ) and MK-9 (H 8 ). The G+C content of the genomic DNA was 72.2±0.18 mol%.
The microplate hybridization method developed by Ezaki et al. (1988 Ezaki et al. ( , 1989 NBRC 12753 T were 56.2 % and 47.5 %, respectively, and both values were significantly lower than the 70 % considered to be the threshold value for the delineation of a genomic species (Wayne et al., 1987) .
Based on the phenotypic, chemotaxonomic and genotypic data presented, strain JL-22 T can be distinguished from all recognized species of the genus Streptomyces, supporting its classification as a representative of a novel species of the genus Streptomyces, for which the name Streptomyces graminifolii sp. nov. is proposed.
Description of Streptomyces graminifolii sp. nov.
Streptomyces graminifolii (gra.mi.ni.fo'li.i. L. neut. n. gramen -inis grass; L. neut. n. folium leaf; N.L. gen. neut. n. graminifolii of a grass leaf).
Aerobic, Gram-stain-positive, non-motile actinobacteria that forms extensively branched substrate mycelium and aerial hyphae. Spores are white, long, straight chains of cylindrical and smooth-surfaced spores. Growth occurs at 4-37 u C (optimum, 28 u C). The pH range for growth is pH 4.0-10.0 (optimum, pH 7.0-8.0). Growth occurs with 0-5 % (w/v) NaCl, but not with 7 %. Good growth occurs on all tested ISP media (ISP 2-7) at 28 u C. Soluble pigments are formed on oatmeal agar (ISP medium 3). Melanin pigments are not produced. Starch, cellulose and casein are degraded. Utilizes several compounds as sole carbon sources, including D-glucose, D-mannitol, raffinose, L-rhamnose, sucrose, L-arabinose and D-xylose. Utilizes Larginine, L-phenylalanine, L-serine and L-valine as sole nitrogen sources, but not L-arginine, L-glutamic acid, Lhistidine, L-hydroxyproline and L-threonone. The cell wall peptidoglycan contains LL-diaminopimelic acid, glutamic acid, alanine and glycine. Whole-cell hydrolysates contain mainly glucose, mannose, ribose and fucose. The polar lipid profile contains phosphatidylserine, phosphatidylcholine, phosphatidylglycerol, phosphatidylethanolamine and three unknown phospholipids. The major cellular fatty acids are iso-C 14 : 0 , iso-C 16 : 0 , and anteiso-C 15 : 0 . Predominant menaquinones are MK-9 (H 6 ) and 
